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Abstract: Purpose: To analyze the performances of 2 ultra-triathletes who competed in ultra-triathlon
events (double Iron ultra-triathlon and triple Iron ultra-triathlon) for the past 3 decades. Longitudinal
data of the performance development in ultra-triathlon athletes spanning many years are rare. Prediction
of age-related performance declines in the different disciplines in triathlon events (swimming, cycling,
and running) are needed for race directors to set realistic goals (time limits) for master athletes in these
events. Methods: Athletes A and B had 34 and 53 participations in double Iron at 35-55 and 40-69 y
of age, respectively, and 26 and 20 participations in triple Iron at 33-51 and 40-61 y of age, respectively.
Nonlinear regression analyses were performed with split and overall performance against age. Results:
The average declines in performance in triple Iron ultra-triathlon for athlete A were 0.62%/y, 0.19%/y,
and 0.98%/y for swimming, cycling, and running, respectively. For athlete B, a positive change was
identified for swimming (0.19%/y) and cycling (1.12%/y) but negative change for running (1.34%/y).
Conclusion: Running is the discipline with the greatest performance-decline rate for both athletes, in
both double and triple Iron distances. The race time limit of double Iron competitions seems too short,
making it difficult for master athletes older than 55 y to finish the race within the event regulations.
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Purpose: This case study analyzed the performances of two ultra-triathletes who competed in 33 
ultra-triathlon events (Double and Triple Iron ultra-triathlon) for the past three decades. 34 
Longitudinal data of the performance development in ultra-triathlon athletes spanning many 35 
years are rare. Prediction of age-related performance declines in the different disciplines in 36 
triathlon events (swimming, cycling, and running) are needed for race directors to set realistic 37 
goals (time limits) for master athletes in these events. 38 
Methods: Athletes A and B had 34 and 53 participations in Double Iron with 35-55 and 40-39 
69 years of age, respectively; and 26 and 20 participations in Triple Iron with 33-51 and 40-40 
61 years of age, respectively. Non-linear regression analyses were performed with split and 41 
overall performance against age.  42 
Results: The average declines in performance in Triple Iron ultra-triathlon for Athlete A were 43 
0.62%/year, 0.19%/year and 0.98%/year for swimming, cycling and running, respectively. 44 
For Athlete B, it was identified a positive change for swimming (0.19%/year) and cycling 45 
(1.12%/year) and negative for running (1.34%/year). 46 
Conclusion: Running is the discipline with the greatest performance declines rate for both 47 
athletes, in both double and triple-Iron distances. The race time limit of Double Iron 48 
competitions seems too short, making it difficult for master athletes older than 55 years old to 49 
finish the race within the event regulations. 50 
 51 





It is well known that athletic performance declines with increasing age1. This has been shown 55 
for different sports disciplines such as swimming2, running1 and multi-sports disciplines such 56 
as triathlon with the combination of swimming, cycling and running3-5. 57 
 58 
The age-related performance decline in triathlon has been investigated for Olympic distance 59 
triathlon3,5, for Ironman triathlon (i.e. 3.8 km swimming, 180 km cycling, and 42.195 km 60 
running)5, and for longer distances such as the Triple Iron ultra-triathlon and the Deca Iron 61 
ultra-triathlon4. It has been shown that the age-related decline in triathlon performance is 62 
specific to the discipline5,6. For Olympic and Ironman distance triathlon, cycling showed 63 
fewer declines in performance with age than swimming and running5. 64 
 65 
Studies investigating the age-related performance decline in triathlon used a cross-sectional 66 
design investigating large samples of athletes. Sousa, Nikolaidis, Knechtle 7 investigated the 67 
performance trends in ultra-triathlons from 1985 to 2018 and reported differences the time 68 
spent in the three disciplines depending on the sex and distance of the race, and also that men 69 
showed a decrease in performance throughout the years. However, although this study had a 70 
time effect on performance, it was a cross-sectional analysis with multiple athletes through 71 
several years. The longitudinal analysis of the age-related performance decline in endurance 72 
sports is, however, rather rare8 and missing for triathlon. The outcome of such results 73 
throughout the years might be useful for other athletes and coaches to predict future 74 
performance changes due to increasing age and also to race directors to set realistic goals (i.e. 75 
time limits) for master athletes.  76 
 77 
Therefore, the first aim of the present case study was to determine the age-related 78 
performance decline in a longitudinal analysis of race performances including performance in 79 
split disciplines (i.e. swimming, cycling and running). The second aim was to extrapolate the 80 
race performance in order to define when the athletes would be no longer able to finish a race 81 
(i.e. Double Iron ultra-triathlon covering 7.6 km swimming, 360 km cycling and 84.4 km 82 
running and Triple Iron ultra-triathlon covering 11.4 km swimming, 540 km cycling and 83 




Ethical approval 88 
This study was approved by the Institutional Review Board of Kanton St. Gallen, 89 
Switzerland, with a waiver of the requirement for informed consent of the participants as the 90 
study involved the analysis of publicly available data. The study was conducted in accordance 91 
with recognized ethical standards according to the Declaration of Helsinki adopted in 1964 92 
and revised in 2013.  93 
 94 
Study design 95 
The study is a retrospective cohort study with longitudinal data from over 20 years of two 96 
master athletes. We analyzed the age-related performance decline in swimming, cycling, 97 
running and overall race time in two of the world’s best ultra-triathletes having completed 98 
each more than 200 ultra-triathlons (i.e. longer than the Ironman distance) over more than 20 99 
years. 100 
 101 
Race events 102 
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The race events are all organized by the International Ultra Triathlon Association (IUTA), a 103 
non-profitable organization founded in 1992 which current member are a majority of previous 104 
or current ultra-triathletes, making it easy to organizers to know what it takes to get to the 105 
finish line.    106 
 107 
Each race starts at 7 a.m. with 10 to 40 athletes (personal selection by the race director based 108 
upon earlier achievements). Swimming is generally held in pools (50m) or lakes with laps of 109 
400 to 500m. Cycling and running are generally held in a closed circuit with up to 10 km and 110 
1-2 km, respectively. Each athlete has his own support crew for nutrition, change of clothes 111 
and equipment. 112 
 113 
In each kind of event (Double or Triple Iron), the athletes have to swim first the full distance 114 
of 7.6 or 11.4 km, respectively, to cycle the full distance of 360 or 540 km, respectively, and 115 
to run the full distance of 84.4 or 12.6. km. The time limit for a Double Iron ultra-triathlon 116 
depends upon the race director and is at 34 hours (e.g., Double Iron Germany, Double Iron 117 
Lithuania) or 36 hours (e.g., Double Iron Florida, Double Iron Virginia). For a Triple Iron 118 
ultra-triathlon, the time limit is at 58 hours (e.g., Triple Iron Germany) or 60 hours (e.g., 119 
Triple Iron Austria, Triple Iron Virginia).  120 
 121 
Together with all the physiological and strategic challenges of such events, ultra-triathletes 122 
also have good psychological skills to finish the races. The majority of the race is performed 123 
in low intensities in a repetitive course. Thus, a very unique mindset is developed to avoid 124 
boredom and to maintain focus.    125 
 126 
Athletes  127 
Among all athletes who have ever finished an ultra-triathlon event organized by IUTA, two 128 
athletes have finished more than 200 ultra-triathlons and numerous other ultra-triathlon events 129 
listed in this article. For the purpose of this study, all race results (i.e. overall race times and 130 
split times in swimming, cycling and running) were collected by both athletes, this since the 131 
first edition of an ultra-triathlon (i.e. a triathlon longer than the classical Ironman distance). 132 
All data are publicly available on IUTA’s website9. For the two athletes, all split and overall 133 
race times for both a Double and Triple Iron ultra-triathlon were recorded.  134 
 135 
Athlete B has finished most Double Iron ultra-triathlons ever while athlete A has finished 136 
most Triple Iron ultra-triathlons ever. Available data for Double Iron from Athlete A and B 137 
were from 35-55 and 40-69 years old, respectively; and 33-51 and 40-61 years old for Triple 138 
Iron.  139 
 140 
The two triathletes were electronically interviewed and asked to provide information about 141 
their experience and training routine along the years. Both have more than 20 years of 142 
experience in endurance training, particularly triathlon. The season for these events is usually 143 
from March to November (race event), with the large portion of trainings happening between 144 
April and October. Athlete A recorded his training since 1995. In a regular year, Athlete A 145 
expended an average of 1.4 weekly hours of swimming, 16.4 weekly hours of cycling, and 7.3 146 
weekly hours of running. When during preparation for the competition (April-October) this 147 
numbers raises to 1.7 weekly hours of swimming, 22.1 weekly hours of cycling, and 10.1 148 
weekly hours of running, which represents 5.1%, 65.2% and 29.7% of total training hours, 149 
respectively. This represent long volumes and low intensity sessions.  150 
 151 
Statistical Analysis 152 
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Non-linear regressions (2nd order, polynomial) were applied in split performances (swimming, 153 
cycling and running) versus age for both athletes in Double and Triple Iron. Additionally, 154 
non-linear regressions (2nd order, polynomial) were also applied for their overall race times in 155 
Double and Triple Iron ultra-triathlon versus age, and the generated equation were used to 156 
estimate an age which the overall performance (race time) would be above the race time limit. 157 





For Double Iron, Athlete A had an average performance loss over time of 0.34%/year, 161 
0.19%/year and 0.82%/year for swimming, cycling and running, respectively. Athlete B had 162 
an average performance loss of 0.42%/year, 0.49%/year and 0.69%/year for swimming, 163 
cycling and running, respectively (Figure 1). 164 
 165 
Figure 1 166 
 167 
The average declines in performance in Triple Iron ultra-triathlon for Athlete A were 168 
0.62%/year, 0.19%/year and 0.98%/year for swimming, cycling and running, respectively. 169 
For Athlete B, it was identified a positive change for swimming (0.19%/year) and cycling 170 
(1.12%/year) and negative for running (1.34%/year; Figure 2). 171 
 172 
Figure 2 173 
 174 
Non-linear regressions for the overall results showed that both athletes have been reducing 175 
their performance in Double Iron ultra-triathlon with a reduction by 0.68%/year and 176 
0.84%/year for athletes A and B, respectively. Furthermore, the non-linear regression to 177 
predict the possible age when the athlete would not be able to finish a Double Iron ultra-178 
triathlon before the time-limit was 55 and 60 years old (Figure 3). For Triple Iron ultra-179 
triathlon, the nature of the data does not allow to perform a model to predict the possible ‘age-180 
limit’. Athlete A had increased his overall race time in the first decade, it remained relatively 181 
stable afterwards. Whereas Athlete B had a slight increase in overall race time across each 182 
year. 183 
 184 




The main findings of the present manuscript were that the running split is the discipline where 189 
both athletes showed the highest performance decline rate in both Double and Triple Iron 190 
distances. Additionally, it is surprising to note a performance increase in one of the athletes 191 
for the swimming and cycling split in the Triple Iron ultra-triathlon. Ultimately, overall 192 
performance showed that after the age of 55 years old it becomes very hard to finish the event 193 
within the race time limit for the Double Iron distance, but not for the Triple Iron. 194 
 195 
The running discipline is the triathlon split with the greatest age-related decline in almost all 196 
triathlon distances3,4,6. Due to biomechanical characteristics, running has a greater risk of 197 
injury when compared to cycling or swimming10, which may limit the amount of training 198 
undertaken in running compared to swimming and cycling2. In addition, a lesser reduction in 199 
lactate threshold or economy during cycling, or a greater muscular fatigue during running 200 
with aging have been also proposed as potential explanations11. 201 
 202 
The performance declines in swimming and cycling can be attributed to an age-related 203 
reduction of skeletal muscle mass and a decline in muscle and cardiorespiratory 204 
effectiveness12. Although experience seems to be a key factor to success in ultra-endurance 205 





Regarding the Triple Iron ultra-triathlon distance, both athletes reduced their overall 209 
performance throughout the years. On the one hand, athlete A had an increase in overall race 210 
time in the first decade and remained relatively stable afterwards; on the other hand, athlete B 211 
had a slight increase in race time performance in the two decades. Evidence shows that the 212 
longer the distance in ultra-triathlon, the longer the influence of experience in overall 213 
performance4. Additionally, a change of strategy can be observed in athlete B, that in average 214 
performed better in both swimming and cycling despite the increasing age. Observing a 215 
transient improvement in an elite master triathlete would not be surprising considering data on 216 
triathlon performance across calendar years13. According to these data, an improvement in 217 
performance was shown in master triathletes over the 1995-2010 period, which might be due 218 
to technical and scientific advances. 219 
 220 
A physiological approach to the overall age-related performance decline can be attributed to  221 
several factors: reduction in the activity of the hypothalamic-pituitary-gonadal axis14,15, 222 
making it difficult to maintain muscle mass and function; decrease in pulmonary function16; 223 
accumulation of DNA damage17, due to increased oxidative stress and chronic 224 
inflammation18; changes in running kinematics19, possibly reducing their efficiency and 225 
running economy. These factors combined reflects in their recovery after each training 226 
session, possibly leading to a reduction in training volume and number of more intensive 227 
training sessions20. Although evidence shows that endurance athletes are less biologically 228 
aged as their non-athlete peers21, their natural aging process reverberates in their physical 229 
performance throughout the years as was clearly reflected in the present results.  230 
 231 
PRACTICAL APPLICATIONS 232 
 233 
Master athletes usually have a very healthy lifestyle, which is a key aspect for them to be able 234 
to keep competing in sports events. Nevertheless, they are not immune to the age-related 235 
physiological decline, which affects their performance and it seems that may preclude them to 236 
participate in some ultra-endurance events. Therefore, the present analysis may also be useful 237 
for race directors to set realistic goals in race time limit for master athletes. Specific race time 238 
limits based on the age group should be considered. Additionally, coaches and athletes could 239 
also use this analysis for long-term planning, considering weak spots and predicting which 240 




In conclusion, running is the discipline with the greater performance decline for both athletes 245 
in both Double and Triple Iron ultra-triathlon distances. Additionally, it seems that the current 246 
rulebook of the Double Iron ultra-triathlon may have a too short race time limit, which would 247 
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Figure captions 303 
 304 
Figure 1. Split performance of swimming, cycling and running in double-Iron ultra-triathlon 305 
across the years from the two best ultra-triathletes still active. Y axis indicates the average 306 
speed in each discipline.  307 
 308 
Figure 2. Split performance of swimming, cycling and running in triple-Iron ultra-triathlon 309 
across the years from the two best ultra-triathletes still active. Y axis indicates the average 310 
speed in each discipline.   311 
 312 
Figure 3. Overall race time performance in double- and triple-Iron ultra-triathlon across the 313 
years from the two best ultra-triathletes still active. Dotted line represents the race time limit 314 
which may vary depending on the race location.   315 
 316 
 317 
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 319 
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